Background: Stiffness and pain from arthrofibrosis following total knee arthroplasty (TKA) is a challenging problem, and investigating methods to prevent or reduce the incidence of postoperative arthrofibrosis is critical. Studies have shown that angiotensin-converting enzyme inhibitors (ACEIs) and angiotensin receptor blockers (ARBs) are efficacious at preventing fibrotic disorders in the lungs, liver, kidneys, and eyes. Our aim was to determine if ACEI or ARB use postoperatively reduces the incidence of arthrofibrosis in TKA patients. Methods: In a retrospective review, we analyzed 141 consecutive TKAs performed at a single institution by a single surgeon from December 2010 to December 2014. Range of motion (ROM) in patients already taking ACEI, ARB, or neither medication was compared. Independent variables recorded were gender, age, BMI, presence of diabetes or preoperative opioid or statin use, preoperative ROM, and use of ACEIs or ARBs. Dependent variables recorded were postoperative knee flexion, extension, and total arc of motion. The primary outcome variable was success or failure of achieving 118 o total arc of motion postoperatively, based on a study that found significant compromise of function in TKA patients who failed to obtain this goal. Secondary endpoints were postoperative knee flexion, extension, and total arc of motion. Results: The use of neither ACEIs nor ARBs showed a significant difference in attaining greater than 118°of motion postoperatively compared to controls at 6 months. Significant predictors of obtaining > 118°motion were BMI (p < 0.05), preoperative flexion (p < 0.001), and preoperative total arc of motion (p < 0.002). Significant predictors of secondary ROM outcomes were preoperative ROM and BMI. Conclusions: Our study demonstrated that the principle predictor of postoperative ROM is BMI and preoperative ROM. The use of ACEIs or ARBs did not result in a greater likelihood of obtaining satisfactory ROM postoperatively.
Background
Total knee arthroplasty (TKA) is an effective treatment option for eliminating knee pain, restoring mobility, and improving the overall quality of life for patients with end-stage knee arthritis. Given the general success of meeting these goals, the procedure is becoming more popular among patients of all age groups [1] [2] [3] . In 2010, there were approximately 720,000 knee replacements performed, with an estimated 4 million adults in the USA currently living with a total knee replacement [4, 5] . Based on historical data, projections of future demand for primary TKA are expected to reach 3.48 million annually by 2030 [6] . Despite the overwhelmingly positive outcomes of TKA for end-stage osteoarthritis, 15-20% of patients remain dissatisfied secondary to stiffness or pain [7] [8] [9] [10] .
There are no universally accepted criteria for stiffness or the need for intervention; however, certain motion requirements are known for activities of daily living. A quantitative analysis of knee motion has shown that patients require 67°of knee flexion during the swing phase of gait, 83°to ascend stairs, 90°to 100°to descend stairs, 93°to rise from a standard chair, and up to 105°to rise from a low chair [11] . Patients with poor functional knee range of motion after TKA with adequate component alignment, sizing, and position are typically treated with manipulation under anesthesia within the first 3 months postoperatively or treated for scar revision/lysis of adhesions after 3 months [12] [13] [14] [15] . Both procedures are costly and cause delays to the overall recovery process. Ritter et al. [16] showed that functional outcome and Knee Society Scores became significantly compromised with a total arc of motion of less than 118°.
Postoperative wound healing and scar formation are complex processes involving a sophisticated network of immune cells, cell mediators, and inflammatory cytokines. The formation of fibrous tissue is regulated by the transcriptional activation of collagen gene expression. Transforming growth factor Beta-1 (TGF-β1) is a crucial regulator of this process [17] [18] [19] [20] . Working to control the expression of extracellular matrix components as well as the expression of protease inhibitors, TGF-β1 has a combined anabolic and anti-catabolic effect on tissue fibrosis [21] . TGF-β1 is also a central cytokine that has been linked in the signaling pathway for the differentiation of myogenic precursor cells into myofibroblasts in skeletal muscle [22] . Similarly, upregulation and overexpression of TGF-β1 have been shown to increase the production of myofibroblasts and the propagation of fibrosis in lung disease [23, 24] , liver cirrhosis [25] , cardiac injury [26] , and renal fibrosis [27] .
One of the mechanisms by which TGF-β1 expression increases is through the action of the main end product of the renin-angiotensin-system (RAS), angiotensin II [28] . Although primarily known for their role in regulating blood pressure, components of the RAS axis, such as angiotensin-converting enzyme and angiotensin 1 receptor, have been found in increased levels in fibrotic skeletal muscle dystrophies [29] . In fact, angiotensin receptor blockers (ARBs) have been used to successfully decrease fibrosis and improve skeletal muscle features in dystrophic muscle [30, 31] . ACE inhibitors (ACEIs) and ARBs are used as standard of care in preventing cardiac fibrosis in the setting of heart failure or post-myocardial infarction and in preventing renal fibrosis in the setting of renal disease or diabetes.
Many patients undergoing total knee arthroplasty are taking ACEIs inhibitors or ARBs for hypertension, coronary artery disease, congestive heart failure management or diabetes. We hypothesized that patients taking ACEIs or ARBs will have improved postoperative range of motion (ROM) compared to controls. Exploration of this potential relationship between ACE inhibitor or ARB use and improved range of motion after total knee arthroplasty has the potential to improve patient functional outcomes and satisfaction. The prevalence of stiffness after primary TKA has been reported to range between 1.3 and 5.3% [32, 33] , and incidence of manipulation under anesthesia after primary TKA has been reported as ranging from 1.5 to 3.8% [25, 26] . With so many procedures performed annually, the number of patients suffering from this complication is substantial and will continue to grow.
Methods

Patient population
We examined data from all primary TKAs performed by a single attending surgeon (KS) from December 2010 to December 2014. Institutional review board approval was obtained. The study population assessed for eligibility consisted of 325 patients with primary TKA in 373 knees.
For inclusion in the study, patients were a minimum of 18 years of age, had a follow-up visit at least 180 days postoperatively, and charts must have indicated preoperative knee flexion, extension, and total arc of motion. Study exclusion criteria were patients undergoing revision TKA, unicompartmental knee arthroplasty, patients who developed postoperative infection, or patients lost to follow-up. Patients were not excluded if they underwent prior arthroscopy, as this has not been shown to affect postoperative range of motion after TKA [12] .
If the patients used nicotine, they were required to stop using nicotine products a minimum of 6 weeks prior to their TKA. Dose ranges for all medications were within specifications for hypertension, heart failure, coronary artery disease, and diabetes. All surgeries were conducted using a tourniquet inflated to 250 mmHg. All motion measurements were made using a goniometer during pre-operative and follow-up clinic visits. Measurements were made by the primary investigator (KS).
Outcomes
Independent variables recorded were gender, age, BMI, presence of diabetes or preoperative opioid or statin use, preoperative knee flexion, extension, and total arc of motion, and use of ACEIs or ARBs (Table 1) . Dependent variables recorded were postoperative knee flexion, extension, and total arc of motion. The primary outcome variable was success or failure of achieving 118 o total arc of motion postoperatively, based on a study that found significant compromise of function in TKA patients who failed to obtain this goal [16] . Secondary endpoints were measurements of knee flexion, extension, and total arc of motion. In order to assess differences in the magnitude of improvement after surgery, the difference in preversus postoperative flexion, extension, and total arc of motion between groups was also compared.
The primary groups of interest were patients taking ACEIs versus those that were not. Given the similarity of the mechanism of action of ACEIs and ARBs, separate analyses were also conducted comparing outcomes of patients taking ARBs versus those that were not as well as analysis comparing patients on ACEIs or ARBs versus those not taking either (controls).
There were eight additional patients with a single TKA that required manipulation under anesthesia. We excluded these patients from the analysis of primary and secondary endpoints but did compare the frequency of this outcome based on ACE inhibitor and/or ARB.
Data analysis
Demographic and clinical variables were evaluated against primary and secondary endpoints using χ 2 , Fisher's exact test, Spearman's correlation, the Mann-Whitney test, or logistic regression as appropriate. The Shapiro-Wilk test was used to assess variable distributions for normality. To account for any potential confounding, the primary outcome was also evaluated with patients stratified by age (greater or less than 65 years), gender, and whether they carried a diagnosis of diabetes mellitus. A post hoc power analysis was done on the primary variable (whether 118°total arc of motion was attained) to determine the effect size that the χ 2 test would be able to discern with the sample size of 141 knees that met our inclusion criteria.
For patients that underwent bilateral TKAs, treating both knees as independent patients violates statistical independence upon which many statistical tests are based. There is substantial variability in the orthopedic literature concerning the statistical analysis of bilateral surgery in a single patient. A meta-analysis of all original articles using bilateral cases that had been published in The Journal of Bone and Joint Surgery (American Volume) over a 2-year period revealed that 25% of the published literature were found to have possibly violated statistical independence [34] . Given this concern, outcome analyses were repeated using generalized estimating equations (GEEs). These methods are able to account for repeated data points from the same patient. Results using GEEs were then compared to the original results in order to evaluate whether the violation of independence introduced errors.
Results
The study population consisted of 376 knees that underwent TKA in 325 patients. Of these, 274 patients had a single TKA, 46 patients had consecutive bilateral TKAs, and 5 patients had simultaneous bilateral TKAs. Three knees from this dataset were excluded due to the development of prosthetic joint infection and 224 knees were excluded due to follow-up less than 180 days postoperatively. There were eight additional patients with a single TKA that required manipulation under anesthesia. We excluded these patients from the overall statistical analysis but did compare the frequency of this outcome based on ACEIs and/or ARB. Therefore, postoperative range of motion data from 141 TKA's was analyzed. Table 1 shows demographic data and preoperative characteristics for the group taking ACEIs, the group taking ARBs, and the control group that was not on ACEIs or ARBs. Age did not differ significantly between groups; however, there was a group difference based on gender (p = 0.048). Comorbidities and preoperative range of motion did not differ significantly between groups.
Mean (±SD) postoperative total arc of motion for patients taking ACEIs, ARBs, and controls was 114.8°± 12.7°, 115.6°± 10.7°, and 115.6°± 12.5°, respectively, and these values did not differ significantly. Therefore, the primary outcome, success or failure of achieving 118 o total are of motion, was not affected by ACEI or ARB use. Table 2 shows the degrees of improvement in motion measures after TKA in patients taking ACEIs, ARBs, and in controls. Improvement in flexion, extension, and total arc of motion was not significantly different between the groups.
Analyses done combining ARB with ACEI patients did not show any significant difference with respect to the primary endpoint, failure to achieve 118 o total arc of motion (p = 0.95 for ACEI, p = 0.48 for ARB, p = 0.46 for ARB + ACEI group) nor to secondary endpoints of knee flexion, extension, and total arc of motion (Table 3) . Stratification by age, BMI, gender, and having diabetes also did not show significant differences in outcomes between the different medication groups.
The post hoc power analysis revealed that with 141 patients, a significance level of 0.05, and a power of 80%, the χ 2 test would discern an effect size of 0.24. Commonly accepted definitions hold that for χ 2 tests, an effect size of 0.1 is a small effect size, and 0.3 is a medium effect size.
Several independent variables were significant predictors of postoperative range of motion (Table 3 ). Again, ACEI or ARB use was not predictive of range of motion. However, BMI was a significant predictor of postoperative flexion (p < 0.001) and total arc of motion (p = 0.004). Preoperative flexion was a significant predictor of postoperative flexion (p = 0.001) and total arc of motion (p < 0.001), as well as a significant predictor of obtaining 118 o total arc of motion (p = 0.001). Total arc of motion preoperatively was a significant predictor of all postoperative motion parameters measured, and preoperative extension was a predictor of postoperative extension (p = 0.048). Neither ACEI nor ARB use was predictive of obtaining 118 o when stratified by gender, diabetes mellitus, or age (greater than versus less than 65). Rates of manipulation under anesthesia similarly did not differ significantly between the groups (Table 1 ).
Discussion
Restoration of functional ROM is a crucial goal of knee arthroplasty, and failure to do so results in increased dissatisfaction among patients. While there are many causes of dissatisfaction, ROM is one of the few objective findings that can be followed postoperatively. Our study found no significant difference in postoperative ROM between patients taking ACEIs or ARBs versus controls taking neither medication. While many other clinical and animal model studies have demonstrated decreased fibrosis after angiotensin II blockade [23, 24, [26] [27] [28] , oral administration of clinical doses for common indications of hypertension, coronary artery disease, congestive heart failure, or diabetes did not show an effect on range of motion after total knee arthroplasty in our study population. To our knowledge, this is the first study to have explored this association.
Regarding secondary outcome measures, significant predictors of obtaining satisfactory ROM include BMI and preoperative ROM. These findings reinforce data from other studies on ROM after total knee arthroplasty. A retrospective review of 391 consecutive total knee arthroplasties found that patients with higher BMIs had lower pre-and postoperative ROM as well as higher rates of manipulation under anesthesia [35] . A similar review of 135 patients who underwent TKA evaluated whether specific pre-and postoperative variables were correlated with postoperative ROM [36] . Their results demonstrated that preoperative ROM was the only significant predictor of postoperative ROM.
Ritter et al. [37] retrospectively reviewed more than 4700 total knee arthroplasty surgeries using regression tree analysis to characterize the combinations of variables influencing the postoperative ROM. The principal predictive factor of the postoperative ROM in that study was the preoperative ROM. Other factors that were significantly associated with reduced flexion were intraoperative flexion, gender, preoperative tibiofemoral alignment, age, and posterior capsular release. No correlation of BMI to knee ROM was found in Ritter's study; however, this study endpoint was 3 months from surgery as opposed to our 6-month endpoint.
One possible explanation for our findings of ACEIs and ARBs not having an effect on postoperative ROM is that patients taking those medicines were more likely to have greater BMIs. Given that more obese patients are more likely to have worse motion [35] , this could have confounded our results. Another explanation could be limitation by dosing administration. ACEIs and ARBs are all taken orally, and it is unclear exactly how much intraarticular permeation takes place with these medicines. It is also unclear exactly what dose would be required to optimize the anti-fibrotic effects of these drugs, and it is possible that the standard dosing for hypertension, as was the case for our patients, falls below that threshold.
Analysis taking into account the repeated measures of patients who underwent TKA on both knees did not yield different results from analysis treating all TKAs as independent trials with respect to the primary outcome. While this could lead to a violation of statistical independence, in theory, our data supports similar findings in previous studies [38] [39] [40] suggesting that bilaterality may be excluded in studies on TKA outcomes.
One limitation of this study is that all surgeries and measurements were done by a single surgeon. In addition, roughly 60% of patients in the original dataset were excluded, primarily for insufficient follow-up (> 180 days). The introduction of selection bias is likely not substantial, however, as patients excluded for this reason did not differ from the rest of the dataset with respect to demographic or clinical variables, including preoperative ROM.
A second limitation may be that there was a large variability with respect to the length of postoperative followup in patients assessed for study eligibility, with a median of 118 days (range 11-1507 days). Ritter et al. have previously demonstrated that clinically significant ROM gained after TKA plateaus after roughly 3 months [37] . However, preliminary analysis showed that patients with postoperative follow-up of greater than 180 days had significantly improved ROM in terms of the primary as well as secondary endpoints compared with patients with less than 180 days of follow-up. This reinforced our inclusion criteria of at least 180 days of follow-up in order to capture the true ROM attained by patients.
Given the data from studies in medical disciplines and the promise of prevention or reversal of fibrotic pathology, future study of the effect of these medicines is warranted in knee arthroplasty patients. This could include randomized controlled trials with large numbers of patients in each arm of the study using either oral or locally injected forms of the medications.
Conclusions
We conclude that the principle predictor of postoperative ROM is BMI and preoperative ROM. The use of ACEIs or ARBs did not result in a greater likelihood of obtaining satisfactory ROM postoperatively. Finally, we showed that bilaterally may be ignored as each knee has statistical independence. As the literature continues to show a significant number of patients dissatisfied after TKA and range of motion being of paramount importance after TKA, these results will help guide future research into the question of how to improve outcomes.
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